C ommunication is vital in all aspects of life. At the cellular level, communication takes place in the form of signaling, which allows cells to respond to external stimuli and to differentiate and develop specialized functions, such as phototransduction found in rods and cones, that make vision possible. Signal transduction involves the binding of a signal to a receptor, with a subsequent change in cell physiology.
A thorough knowledge of the details of signal transduction can potentially help us understand and treat a wide array of medical pathologies. To study the details of signal transduction, extensive research has been performed on the pathways that are used by the bacterium Caulobacter crescentus.
The regulation of signal transduction in C. crescentus, and most bacteria, centers on a class of signaling molecules known as two-component signal transduction systems. The two components in the system include a "histidine kinase" and a "response regulator." The system pathway includes: a response of a histidine kinase to a stimulus (such as a sugar or peptide) Ò histidine kinase autophosphorylation Ò the transfer of the phosphoryl group to the response regulator Ò changes in cell physiology. Such changes include the opening of ion channels that alter membrane potential and subsequently lead to the release of a variety of transmitters.
A unique two-component signal transduction system has recently been discovered and studied. This system includes (1) histidine kinase, cell envelope kinase (cenK) and (2) response regulator, cell envelope regulator (cenR).
This particular signal transduction system appears to be vital to the formation and regulation of cell envelopes. In Gram-negative bacteria, the cell envelope comprises two cell membranes on either side of a cell wall made of peptidoglycan. The cell wall functions to provide protection to the cell from internal pressure and achieves its rigid strength from the peptidoglycan. The outermost membrane layer consists chiefly of lipopolysaccharides, which give an overall negative charge to the cell wall. The lipid layer of the outer membrane is impermeable to charge molecules. Hence, channels, called porins, are present that allow for ions and amino acids to traverse the membranes.
In laboratory conditions in which the cenK kinase and the cenR regulator are both present, normal cell morphology and growth occurs ( Figure  1) . Deletion of either component of the pathway in C. crescentus cells leads to decreased cell motility, shortened cell length, and blebbing of the cell envelope (Figure 2) . At the other extreme, constant activation of the pathway leads to a bloated and elongated cell, and later to cell lysis and death. These results demonstrate that both the cenK histidine kinase and the cenR response regulator are required for cell envelope health, and that either overaction or underaction of this pathway leads to cell demise.
The cell envelope is integral to bacterial cell survival. Any violation of the health of the cell envelope leads to bacterial cell death. Many current antibiotics exert their effect by targeting and destroying the cell envelope. Polymyxin works
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Anthony Panarelli, MD by damaging the cell membrane. Bacitracin, vancomycin, penicillin, and cephalosporins all exert their effect by inhibiting cell wall synthesis. All of these common and ubiquitous antibiotics work by disrupting the health of the cell envelope. Because this newly discovered two-component signal transduction pathway in C. crescentus is unique to bacteria, this system may represent a future target of antibiotic drugs, capable of disrupting bacterial cell envelopes, and resulting in bacterial cell death.
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